Crystal structures of 4-chloro-N-(4-chlorobenzoyl)-N-(2-pyridyl)benzamide (I) Clpod, 3-chloro-N-(3-chlorobenzoyl)-N-(2-pyridyl)benzamide (II) Clmod and 2-chloro-N-(2-chlorobenzoyl)-N-(2-pyridyl)benzamide (III) Clood together with three methylated analogues, Mpod, Mmod and Mood, are presented herein. The Clxod acyclic imides are produced from reacting the 4-/3-/ 2-chlorobenzoyl chlorides (Clx) with 2-aminopyridine (o), respectively, together with their benzamide analogues Clxo; the Mxod/Mxo triad are produced similarly and in good yield. The five Clxod, Mpod and Mmod structures adopt the open transoid conformations as expected, but Mood crystallises with cisoid oriented benzoyl groups, and this conformation was unexpected, though not unknown. Halogen bonding contacts and weak hydrogen bonding C-H···N/O/π contacts are noted in the structures lacking strong hydrogen bonding donor atoms/groups but possessing a variety of strong and weaker acceptor atoms/ groups. For Clxod, contact studies show that both hydrogen and carbon account for a high percentage of elements (70-75%) on the molecular surface and being the most abundant have C···H forming 26-30% of the contacts. Contact enrichment ratios are an indicator of the likelihood of chemical species to form intermolecular interactions with themselves and other species. The C-H···N and C-H···O are the most enriched (with E HN > 2.15), indicating that these weak hydrogen bonds are the driving force in the Clxod crystal packing formation. For Mxod, the C···H contact type at 40-52% is the most abundant contact type and C-H···O and C-H···N weak hydrogen bonds dominate with enrichment values in the 1.48-1.78 range. In Mxod, N/O···N/O contacts are effectively absent, except for Mpod (0.2%, N···N contacts) and both H···H and C···C non-polar contacts are moderately impoverished while the C···H interactions are slightly enriched (E = 1.1-1.21).
Introduction
The reaction chemistry of open-chain imides has developed from condensation reactions of benzoyl chlorides with 2-aminopyridines and pyrimidines, whereby a mixture of the (1:1) benzamide and (2:1) acyclic imides are formed, the relative amount (yield) of each depending on the nature of the starting materials and reaction conditions [1, 2] . The dibenzoylation reaction is well known and first described by Marckwald in 1894 and subsequently developed [1, 2] . More recently, Gale and Evans reported tetrameric imide macrocycles in low yield from the reaction of isophthaloyl dichloride with tetra-and pentafluoroaniline [3] . Given that the acyclic imide structure sterically fits a part (~3/8) of the tetramer macrocyclic skeleton [3] when centred about the imide hinge linkage, we developed acyclic imides based on 2-aminopyridines [4, 5] and subsequently synthesised the corresponding cyclic triimides and tetraimides [6] [7] [8] . These trezimide (trimer) and tennimide (tetramer) macrocycles are isolated from the reaction of isophthaloyl dichloride with 2-aminopyridines and 2-aminopyrimidines [6] [7] [8] . Herein, we report six imides as three chlorinated imides Clpod, Clmod, Electronic supplementary material The online version of this article (https://doi.org/10.1007/s11224-018-1101-9) contains supplementary material, which is available to authorized users.
Clood (I)-(III) and their methylated analogues Mxod (IV)-(VI) (Fig. 1 ) to further expand on structural knowledge of acyclic imides as macrocyclic precursors and building blocks from the viewpoint of developing macrocyclic and oligomer/polymer imide chemistry. The importance of rational design in the synthesis of macrocycles with an emphasis on molecular knots has been recently discussed [9] .
Experimental section

Materials and equipment
All chemicals, materials, vendors, spectroscopic and crystallographic methods as well as computational equipment are as described previously [6] [7] [8] . Chemicals and silica (Davisil) were purchased from Sigma Aldrich, TLC alumina and silica plates from Fluka. Melting points were analysed using a Stuart Scientific SMP40 automated melting point apparatus. IR spectroscopy was performed on a Perkin Elmer Spectrum GX FTIR spectrometer using a KBr disc and/or thin-layer method: bands are stated in cm −1 . NMR spectroscopy was performed on a Bruker BioSpin UltraShield NMR spectrometer (293 ± 1 K), at 400 or 600 MHz for the 1 H, 100.62 MHz for the 13 C resonance. The 1 H, 13 C NMR spectra were recorded in CDCl 3 or DMSO-d 6 , and the chemical shift values (δ) are in ppm, referenced to TMS and coupling constants (J) are quoted in Hz. Spectroscopic data are provided in the ESI.
Synthesis, characterisation and crystallisation:
The three Clpod to Clood isomers or (I)-(III) were synthesised by the condensation reaction of the corresponding 4-/3-/ 2-chlorobenzoyl chloride (Clx) with 2-aminopyridine (o) by standard condensation reaction protocols [4, 5, 10] . The Mxod triad were synthesised using similar methodologies. Standard chromatographic separation of the six Clxod, Mxod imides from their corresponding Clxo, Mxo benzamides were performed to obtain pure, clean products.
All three Clxod crystal samples were grown from ethyl acetate solutions, whereas crystals of Mpod (ethyl acetate), Mmod (cyclohexane) and Mood (cyclohexane) were obtained from slow evaporation of their solutions at room temperature to yield colourless blocks suitable for single crystal X-ray analysis.
Synthesis and characterisation data
Clpod (yield = 23%; m.p. = 171. 5 
Crystallographic details
Crystal data, data collection and structure refinement details for the six Clxod and Mxod crystal structures are summarised in Table 1 . For Clxod, the H atoms attached to C atoms were constrained and treated as riding atoms using the SHELXL14 [11] defaults at 294(2) K with the C-H = 0.93 Å (aromatic) and U iso (H) = 1.2U eq (C) (aromatic). For Mxod, a similar treatment using the SHELXL14 [11] defaults at 150(1) K had C-H = 0.95 Å, U iso (H) = 1.2U eq (C) for aromatic C-H and C-H = 0.98 Å, U iso (H) = 1.5U eq (C) for the two CH 3 H atoms.
In summary, for the Clxod isomers: molecular formula: C 19 H 12 Cl 2 N 2 O 2 , M r = 371. 21 . Experiments were performed at 294(1) K with Mo Kα radiation using a Xcalibur, Sapphire3, Gemini Ultra diffractometer and an analytical absorption correction (ABSFAC) [12] . For the Mxod isomers, molecular formula: C 21 H 18 N 2 O 2 , Mr = 330.37. Experiments were undertaken at 150(1) K with Mo Kα radiation using a Nonius κ-CCD diffractometer. Refinement was standard for Clxod, Mpod and Mmod, but the o-tolyl ring disorder in Mood required additional treatment and refinement using SHELXL14 [11] (Figs. 2, 3 , 4, 5, 6 and 7).
Molecular disorder in the Mood structure (VI)
There is no molecular disorder present in any of the Clxod molecular structures (Fig. 2) . In Mpod (IV), rotational disorder is present in one of the CH 3 groups (methyl group C37), while no disorder is present in Mmod (V). However, in Mood (VI), there is aromatic group disorder in one of the o-tolyl groups (C31A/C31B) with the major site having 0.905(4) site occupancy ( Fig. 6 ; right) and rotated by 180°relative to the minor component with 0.095(4) site occupancy. The tolyl group disorder was observed in the final stages of refinement with the R-factor = 0.07 [11] . The residual electron density values at this stage of refinement were + 0.55/− 0.33 e Å −3 and the residual peaks located beside one of the o-tolyl groups. The analysis provided an indication of a minor disordered ring component at C31. A disorder model with 10% site occupancy for the minor component was introduced (estimated from residual electron density), and the Mood structure was refined to a final R-factor of 0.06 with residual electron density values of + 0.24/− 0.24 e Å −3 [11] . Both major/minor components essentially occupy the same volume element, and the group disorder does not affect the remainder of the molecular conformation which adopts a cisoid arrangement with respect to the o-tolyl rings. There is no evidence of carbonyl group disorder, i.e., a 9.5% occupancy O atom oriented to ensure that both major and minor sites are related anti to the ortho-methyl groups on the o-tolyl ring. In packing terms, the .
The KPI values are (Mpod) = 70.6, (Mmod) = 68.7 and (Mood) = 70.7 (before consideration of the molecular disorder) [11] .
Results and discussion
Molecular features -Clxod structures
The three Clxod molecular structures have similar bond lengths and angles (Fig. 2) . For example, the six C-Cl bond lengths are in a narrow range from 1.7286 (18) 2) from the expected ranges for hinge torsion angles [6] [7] [8] .
Of further interest is that all three Clxod compounds could potentially be used as asymmetric tridentate ligands for reaction with metal complexes as these ligands contain a pyridine N-donor group together with two weaker C=O donor ligand groups. 
Supramolecular features-Clxod structures
The three Clxod isomers are suitable candidates for the study of weaker intermolecular interactions as they lack strong hydrogen bond donor atoms such as O-H or N-H (Figs. 2 and 3) [16] . Therefore, having potentially strong acceptor atoms/ groups such as (O=C), pyridine-N as well as weak acceptors (aromatic rings, N, Cl), but only relatively weak hydrogen bonding donors C-H, aggregation is likely to be a 
1726.08 (7) 841.08 (9) 852.65 (8) 1687.07 (12) 1713.26 (9) 1661.47 ( complimentary arrangement and/or competition between several competing weaker interactions [17] . In contrast, related series of isomorphous fluoro-N-(pyridyl)benzamides (Fxx) containing a range of donors/acceptors of varying strengths e.g. CON(H) have been reported by us previously [10, 18] . In Clpod, the significant intermolecular hydrogen bonding interactions involve two C-H···O, a C-H···N pyridine and a C-H··· π(arene) contact per molecule. The C24-H24···O2
ii and C25-H25···π(arene)
ii interactions link molecules as 1D chains along the c-axis direction that associate further about inversion centres into a zipper (comprising two chains) by reciprocal C12-
H12···O1
i contacts involving C12 about inversion centres (Table 2(a)). These are linked by C36-H36···N22
iii interactions along the a-axis direction forming 2D Velcro-like sheets that interlock to produce a 3D structure. In addition, weak Cl14··· Cl14 xii intermolecular halogen contacts with Cl···Cl = 3.3396(9) Å and C14-Cl14···Cl14 xii = 156.06(7)°[N c = 0.95] arise about inversion centres (symmetry code: xii = 1 − x, − y, 1 − z) and shorter than the van der Waals contact distance (3.50 Å). Halogen···Halogen contacts such as Cl···Cl are well known [19] and have been observed in related structures such as a chlorinated trezimide [8] (ClIO) 3 with intermolecular Cl··· Fig. 2 Views of the three Clxod structures with the atomic numbering scheme and with displacement ellipsoids drawn at the 30% probability level; H atoms are drawn as spheres of an arbitrary size . This is not surprising and isomorphous relationships are well explored and regularly reported [10, 18] with many examples present on the CSD [23] .
The Clood crystal structure comprises four long C-H···O interactions per molecule linking Clood molecules into a 2D sheet parallel with the (001) plane and incorporating π··· π(arene) stacking and partial aromatic ring overlap about inversion centres (C14···C14 vi = 3.331(3) Å: symmetry codes, Table 2 (c)). The four weak C-H···O interactions have C···O distances in a range from 3.38 to 3.51 Å, with C-H···O angles of 150−170° (Table 2(c) ). The molecular aggregation can be interpreted as C13-H13···O1
iii hydrogen bonds forming 1D chains along the a-axis direction, further linked by C26-H26···O1 viii interactions about inversion centres. The chains aggregate into 2D sheets by the C14-H14···O2
vi and C16-H16···O2 vii interactions. Of note is the formation of a C-H··· O hydrogen bonded ring involving three molecules with graph set R 2 2 (10), incorporating the C12-H12, C13-H13 and C16-H16 donor groups (Fig. 4) . This compact arrangement is further strengthened by reciprocal hydrogen bonding between adjacent Clood molecules.
In summary, three Clxod isomers (with donors and acceptors differing only in the spatial orientation of Cl/H groups in the benzene rings as directed para-, meta-or ortho-) aggregate using a variety of weaker intermolecular interactions from a combination of weak donors and strong/weaker acceptor atoms/groups. This gives rise to a varied combination of C-H···Cl/O/N hydrogen bonds, Cl···Cl contacts and π···π stacking interactions in the three Clxod crystal structures. Analysis using enrichment studies provides further information on the important interactions in Clxod crystal structure formation.
Enrichment studies-Clxod structures
Hirshfeld surface analysis of the Clxod isomers was undertaken with the MoProViewer software [24] to further characterise the intermolecular contacts. The surface is representative of the region in space where molecules/atoms come into contact. Therefore, quantitative insights into the chemical nature of intermolecular interactions in the crystalline state can be obtained by analysis. The prominent elements on the Hirshfeld surface are hydrogen followed by carbon whose proportions together account for and sum to 70-75% in the three Clxod isomers (Table 3) . In all cases, the most abundant contact type is C···H in the range 26-30% due to the abundance of the two elements on the respective Clxod molecular surfaces.
The contact enrichment ratio is an indicator of the likelihood of chemical species to form intermolecular interactions with themselves and other species [25] . In the three crystal structures, the N···H-C interactions followed by the O···H-C interactions are the most enriched (E HN > 2.15), indicating that these weak hydrogen bonds are still the strongest interactions and the driving force in the crystal packing formation. Globally, the hydrophobic contacts C···H are slightly enriched, C···C contacts are not far from E CC = 1. Fig. 6 Views of the three Mxod structures with the atomic numbering scheme and displacement ellipsoids drawn at the 30% probability level; H atoms are drawn as spheres of an arbitrary size. The major cisoid-conformer of Mood is depicted for clarity (right) Fig. 7 Aggregation in Mpod by C-H···O/π contacts with atoms as van der Waals spheres (above, left) and views of the two C-H···O contacts in Mmod (above, middle) and the cyclic C-H···O interactions in the major conformer of Mood (above, right) Conversely, the H···H contacts are significantly impoverished as H atoms are required as hydrogen bonding donors to the N and O acceptor atoms. The C-H hydrogen was found to be generally a favourable partner of organic halogen X-C atoms [25] , and this is the case for the Clmod (1.31) and Clpod (1.14) crystal structures, but not for Clood (0.93) where H··· Cl contacts are slightly under-represented.
Interactions among the O and N electronegative atoms are systematically avoided in the three crystal packings (with E equal or close to zero). The contacts of organic chlorine which is both hydrophobic and slightly electronegative interacting with Cl, O and N atoms are also generally under-represented (Table 3) . A notable exception is the Clpod structure (Fig. 5) for which Cl···O contacts are incidentally slightly enriched, due to two mere contacts which are longer than the van der Waals distance (3.27 Å); these are not halogen bonds (the shortest Cl14··· O1 xiii = 3.4254(15) Å: symmetry code: xiii = − x, − y, − z; footnote, Table 2 ).
Globally, the correlation coefficient between actual contact surfaces in the three compounds are 94.2% for ortho-meta, 96.4% for ortho-para and 98.9% for the meta-para pairs of Clxod isomers. These high correlations are due to the identical chemical content of the molecules differing only in the spatial arrangement of Cl/H peripheral atoms on both mono-chlorinated benzene rings. The correlations of the enrichment values are devoid of this contribution and are expected to have smaller values. The correlations between E values show similar trends with 87.9% for ortho-meta, 89.3% for ortho-para and 96.9% for meta-para pairs. These high coefficients show that the three Clxod isomers have contacts of the same nature (given that they are isomers) while the Clmod and Clpod interactions are the most similar. This is also clear from the structural study where the orientation of the aromatic rings and molecular geometries of Clpod and Clmod are broadly similar and differ notably from Clood. Symmetry codes: 
Database survey
Analysis of the Cambridge Structural Database [23, 26] shows that there are ca. 50 structures incorporating the basic acyclic imide structure and with~22 of these incorporating an imide linker moiety acting as a hinge as component parts of a macrocycle [6] [7] [8] . We conclude that the number of acyclic imides is small compared to their benzamide analogues [4, 5] . Some imides include the Fmod and Food (2-fluoro-N-(2-fluorobenzoyl)-N-(2-pyridyl)benzamide) fluorinated relatives [4, 5] that are similar in molecular structure to the three Clxod structures reported herein (Fig. 2) . The Fmod and Food isomers [4, 5] are analogues of Clmod and Clood and with the Fmod and Clmod structures being isomorphous.
Molecular features-Mxod structures
The conformations adopted by the Mpod and Mmod molecules are as expected (Fig. 6 ) and similar to Clxod with transoid (anti) orientations of the pendant tolyl groups and similar to related structures [4, 5] . However, the Mood conformation differs with an o-tolyl group rotated into a cisoid (syn) conformation such that Mood adopts a more symmetrical geometry. Examination of the torsion angles at both C1 and C2 shows this clearly (Figs. 6 and 7) . This difference highlights the flexibility of the molecular backbone within the (Mxod) series (x = para-/meta-/ortho-) (Figs. 6 and 7; ESI Supplementary Tables). The Ar C =O −C···C =O −C Ar [C11−C1···C2−C31] torsion angles are − 104.05(17)°and − 114.88(18)°in Mpod and Mmod, respectively, and distinctly different to 54.4(2)°in the major orientation of Mood (VI). In two related Fxod structures, the corresponding Ar C =O C···C =O -C Ar torsion angles are 119.7(3)°(Fmod, meta-F) and − 121.3(3)/113.9(3)°( Food, ortho-F) [4, 5] . In Mmod, the toluoyl carbonyl O atoms and meta-methyl groups are syn-related at 33.7(2)°, 43.4(2)°(for O=C···C-CH 3 ). However, in Mood, one toluoyl group has syn-related meta-methyl and carbonyl atoms of 46.9(2)°, whereas the disordered o-toluoyl group [major site, 0.905(4) occupancy] has anti-related o-tolyl/carbonyl groups at 97.3(3)°, whereas the minor site [0.095(4) occupancy] is syn-related at 49(2)°. There is no evidence of a disordered carbonyl O atom in Mood having both oriented as anti. The Mxod carbonyl torsion angles defined by the imide hinge (as O1 = C1···C2 = O2) are 111.8(2)°, 104.54(18)°and 84.0(5)°. The two former structures have conformations that are similar to Clxod and with the latter Mood structure adopting a cisoid (syn) conformation (Fig. 6) .
Most of the bond lengths and angles are as expected in all three Mxod structures. However, subtle differences are observed in the BO=C-N-C=O^skeleton and especially about the N1 atom. In Mpod, the imide N1-C1 [1.408 (2) (18) and 1.443(3) Å, and together with three sets of similar C=O bond lengths as would be expected. The N-C bond length differences are surprising considering that they are equivalent bonds and for the Mpod, Mmod structures are in similar overall conformations (ESI, Supplementary Table 2 ). The corresponding data for Clxod are not as dramatic with average differences of 0.012 Å. In addition, for Mxod, the N1-C1-C11 angles vary as 118.98 (13) What is the cause of this effect?
The subtle, though distinct, differences in geometric data in the imide core highlights bond length/angle alteration for similar conformations. Hydrogen bonding effects can be ruled out as the C=O groups only participate in weak C-H···O=C contacts, with the C=O bond lengths being barely perturbed. The bond length/angle alterations are influenced by orbital overlap and disposition of the pyridyl groups with respect to the central imide group. Imide group analysis for Mpod shows that atoms in the (C11/C1/O1/N1/C21) plane are effectively coplanar (N1 deviates by 0.037(1) Å), contrasting with the more distorted (C31/C2/O2/N1/C21) plane (where N1 deviates by 0.464(11) Å). There is greater multiple bond character in N1-C1 (essentially planar group geometry) than in N1-C2 which is part of more distorted imide group. Analysis of Mmod and Mood (ESI) shows the relevant 5-atom planes to exhibit intermediate levels of distortion and non-planar geometry.
Supramolecular features-Mxod structures
There are no classical hydrogen bonds in either of the three Mxod crystal structures as noted already for Clxod. The strongest interactions are typically C-H···O=C, C-H···π(arene) and π···π stacking (Fig. 7) in the Mxod structures that lack strong hydrogen bond donors. In Mpod, C-H···O=C interactions form along the a-axis direction with C17···O1 iii = 3.317(2) Å, and combined with the C24-H24···π (C31…  C36) xiv interactions form 1D chains along [100] with H24··· Cg3 xiv 2.63 Å, C24···Cg3 xiv 3.5082(18) Å: weaker C-H···O and π···π stacking contacts complete the crystal structure.
In Mmod, a cyclic hydrogen bonded ring system involving the C=O atom O2 with C16 and C36 is noted with graph set R 1 2 (10). Weak C26-H26···π(C11…C16) ix interactions also form about inversion centres, with π···π stacking interactions arising between the inversion symmetry related C25 atoms with C25…C25 viii = 3.351(2) Å (Table 2 ; Fig. 7 ). In Mood, several C-H···O contacts have little influence on the structure or packing apart from C16···O2 vii about inversion centres. There are many minor, partial occupancy interactions due to the o-tolyl group disorder (Table 2) . These results highlight once again the formation of weaker interactions where strong hydrogen bonding donors are absent and the competition among weaker interactions to influence aggregation.
Enrichment studies on the Mxod structures
The Mxod isomers have at least 55% hydrogen on their surface, followed by carbon at 30-35%. Consequently, the most abundant contact type is C···H in the range 40-52%. Compounds Mmod and Mpod have very similar actual contacts types (correlation 99.2%) while the correlations for the (Mpod, Mood) and (Mmod, Mood) pairs are 95.5 and 97.9%, respectively. The contact enrichment ratios between the Mxod isomers show correlations in the 96.6-97.4% range.
The C-H···O and C-H···N weak hydrogen bonds are the strongest interactions in the three Mxod crystal structures, and their enrichment values are highest in the 1.48-1.78 range ( Table 4 ). The N···O, O···O and N···N contacts between electronegative species are mostly absent, except for the case of Mpod which has 0.2% of N···N contacts. In all three Mxod isomers, the occurrence of both H···H and C···C non-polar contacts are moderately impoverished. On the other hand, the C···H interactions are slightly enriched (E = 1.1-1.21), as for the Clxod crystal structures, as all H atoms are mildly positively charged and most carbon atoms are weakly electronegative for Mxod and Clxod.
Structural summary and comparisons
Acyclic imides are relatively rare compared to the vast number of benzamides available [23, 26] . The six Clxod and Mxod structures show a general trend for acyclic imides adopting an open or transoid structure with only Mood noted to have the cisoid-type structure. The N-(3-bromo-1,4-dioxo-1,4 dihydro-2-naphthyl)-2-chloro-N-(2-chlorobenzoyl)-benzamide and N-(3-bromo-1,4-dioxo-1,4-dihydro-2-naphthyl)-4-fluoro-N-(4-fluorobenzoyl)-benzamides, QOLROZ and GOLHIZ [27, 28] , respectively, differ from Mxod in having the chloro-1,4-naphthoquinone skeletons. Other imide structures include the ferrocene ZEQDOO and MARVEG derivatives, synthesised from a bis-acylchloride Fc(COCl) 2 (Fc = Fe(C 5 H 4 ) 2 ) [29, 30] which exhibit the relative geometry of substituted RCON(R')COR systems. The bis(ferrocenoyl)pyridine derivative VIHVAK is synthesised by reacting FcCOCl with o-aminopyridine [23, 26, 31] and has a geometry about the central imide O=C-N(R)-C=O core that is similar to Mood. This may be the most favourable conformation from a steric viewpoint, but it is actually enforced in the ZEQDOO, MARVEG structures [29, 30] . Recently, Valkonen and co-workers reported the substituted diimide tetrakis(2,3,4,5,6-pentafluorobenzoyl)pyridine-2,6-diamine or OCAZAV [26, 32] with imide conformations that are similar to Mpod and Mmod. Overall, we can conclude that there is a tendency for acyclic imides such as Clxod or the Mpod, Mmod pair to have a more open anti-conformation but that it is possible to isolate the syn-conformation as in Mood and without it being sterically forced, as seen in MARVEG and ZEQDOO [29, 30] .
The imide O=C···C=O torsion angle data are comparable to the related macrocyclic trezimides and tennimides [6] [7] [8] . For these systems the corresponding imide hinge angles (labelled originally as the 'CO···CO' imide twist angles) are typically in the range 85°to 115°and usually between 95°and 105°. For (I)-(III), these BCO···CO^angles are 98.2(2)°, 105.8(2)°, 127.6(2)°and in (IV)-(VI) are 111.8(2)°, 104.54(18)°and 84.0(5)°. This highlights that the Clpod, Clmod, Mpod and Mmod molecular structures are generally within the range as noted in the macrocycles [6] [7] [8] but with Clood and Mood as outliers for two different reasons. Clood is influenced by the steric effect of the ortho-Cl and the corresponding imide hinge BCO···CO^increases by~10°-15°over what would normally be expected. Mood adopts the cisoid arrangement and is comparable with 86.7°(ZEQDOO) [29] and 100.2°(VIHVAK) [31] . Overlay of pairs of the Mxod structures (ESI: overlay diagrams) shows that the two principal imide geometries feature as a subset of the imide hinges known in both trezimides and tennimide macrocycles although the transoid 
Conclusion
The paper reports on the crystal structures of six acyclic imides and augments our knowledge of the factors that influence conformation and aggregation in acyclic imides [4, 5] . It also facilitates a more comprehensive understanding of geometries, the variety and range in acyclic imides that form key components in the trezimide and tennimide macrocycles as well as in oligomeric and polymeric imides [6] [7] [8] . The use of both structural analyses and contact enrichment studies to analyse the six Clxod, Mxod imide structures is highlighted and serves to demonstrate the key interactions that are available and involved in imide aggregation.
Future work
The synthesis of new acyclic imides will add to the body of structural knowledge on acyclic imide conformations and therefore aid in the design of imides that can be incorporated into larger ring size trezimide and tennimide macrocycles [6] [7] [8] . The synthesis of longer acyclic imide oligomers and polymers is also planned.
